In this study, the geochemical analysis of ten sediment samples collected along the fluvial system of the Estrela River, which flows into the northern portion of Guanabara Bay, shows the presence of anthropogenic impacts in this area. Concentrations of Fe, Mn, Zn, Cu, Pb, Cr and Ni obtained were slightly higher, when compared with values found in natural environments. The particle size and organic matter content in most of the analyzed stations showed features not conducive to the accumulation of pollutants due to the low organic matter content and the strong presence of sand fraction. There was also the fractionation of heavy metals in sediments and it was found the prominence of residual and reducible phase, besides the significant occurrence of organic fractions in some analyzed stations. These factors, thus, highlight the potential risks of contamination, where the metals associated with the organic phase can become bioavailable in processes of dissolution, provided by physico-chemical changes that can occur in this aquatic environment.
INTRODUCTION
The emissions of pollutants to the environment are strongly associated with different types of human activities that discard wastewater of domestic and industrial origin. These pollutants are scavenged by the sediments or mobilized in solutions associated with biological and chemical mechanisms, thereby contaminating the environment and biota and causing serious impacts to the receiving ecosystems (Akcay et al. 2003 , Gismera et al. 2003 , Pagnanelli et al 2004 . Guanabara Bay has a long history of contaminant input that has resulted in high levels of trace metals in this estuarine system. This process of pollution is linked mainly to the fact that this bay is located in an industrialized and urbanized area that receives large amounts of domestic and industrial effluents (Baptista Neto et al. 2000a , Machado et al. 2001 , Carreira et al. 2002 . The introduction of pollutants in rivers and estuaries, located mainly in urban and industrial centers has caused an intense process of contamination in these aquatic environments. Nowadays, Guanabara Bay shows high levels of pollutants, such as heavy metals (Baptista Neto et al. 2006 , Faria and Sanchez 2001 , Kjerve et al. 1997 , Perin et al. 1997 , and the main sources of pollution to this bay are the rivers systems. Due to the high capacity of complexing pollutants, the sediments are considered good indicators of the water quality and record the effects caused by the pollution derived from anthropogenic emissions. For this reason, the sediment is widely used in the environment studies. The aquatic sediments are composed mainly by a mixture of materials from different origins: natural and anthropogenic (Gismera et 802 CARLOS M. A. RANGEL et al. al. 2003 , Pagnanelli et al. 2004 . In an impacted environment by heavy metals, it is necessary to assess the chemical forms and potential bioavailability and toxicity of heavy metals in order to understand their mobility in the biogeochemical processes, identify, monitor and control the sources of the pollutants and characterize the potential risks induced (Campbell and Tessier 1989, Warren and Haack 2001) . The aim of the present study was, therefore, to investigate the impact of heavy metals and their effects on the Estrela River sediments as a result of human settlement and development in the catchments, as well as their possible impact in Guanabara Bay. In order to achieve it, the sediments were analyzed by sequential extraction methods to identify the chemical phases of the heavy metals, and the sediments were also analyzed for particle size, organic matter and physical-chemical parameters.
ENVIRONMENTAL SETTING
Guanabara Bay is located in southwest Brazil and is considered one of the largest bays in this country. This has an area of approximately 380 km 2 and a water surface of 328 km 2 . Its drainage basin measures about 4.000 km 2 , with 45 rivers and channels (Kjerve et al. 1997 ). The drainage basin consists of 45 rivers and channels, though only 6 of these represent 85% of the total discharge of freshwater bay. All the rivers in this basin have high slopes in their degree courses, and this characteristic is attenuated when close to the perimeter of the bay, where they have low slopes and meander (Amador 1997) . The Estrela River basin is located in the northern portion of Guanabara Bay and has an area of 450 km 2 flowing in the north of this ecosystem and contributing with the water and sediment's intake (Fig. 1) . The climatic characteristics of the Estrela River basin resemble those of Rio de Janeiro State. It has a tropical humid climate, with temperatures that reach more than 25 • C in the lower portions and heat indexes around 13 • C in higher points of this area (FEEMA 1990) . The main tributaries of the Estrela River are: the Saracuruna, Inhomirim and Imbariê rivers. The Saracuruna River is the major tributary of the Estrela River, draining a heterogeneous region that consists of predominantly urban areas and is characterized by problems of infrastructure such as lack of sanitation. In the eastern margin, the main river receives the Imbariê River that is also located in a densely populated area without basic sanitation and, for this reason, is considered the main recipient of effluents produced in this region. The Inhomirim River is located almost entirely in a predominantly rural area, except for some small urban centers that also contribute to the emission of discards in this environment (Noronha 1998) . The Estrela River basin is located almost entirely between Duque de Caxias and Magé cities, where inhabits a large contingent of population and where the most important economic activies are developed due to the fact that this is mainly an urban and industrial area (Noronha 1998). The high degree of urbanization occurs mainly in the lower portion of this basin, where the landfills are impacted by the growing human occupation. It is estimated that about 600.000 people live in the Estrela/Inhomirim basin, and some companies established in this region are responsible for potentially polluting activities and also contribute to the environmental degradation in Guanabara Bay (FEEMA 1998).
MATERIALS AND METHODS

SAMPLE COLLECTION
The field work was carried out in May 18, 2005, during the morning, in the period of spring tide, and the sediment sampling was under the influence of the flood tidal flow along the stations in the Estrela River. In this stage, ten superficial samples along the Estrela River basin were collected, and the stations 8, 9 and 10 were colleted in the main river. The collection was carried out with the aid of a boat with a van Veen grab sampler. The other sites were collected directly in the river without a boat, in the main tributaries of the Estrela River: the Saracuruna, Inhomirim and Imbariê rivers (Fig. 2) . The samples were positioned with the use of a GPS. The collected sediments were kept in a temperature of about 4 • C before being analyzed in the laboratory. The physical-chemistry data were obtained through the analysis of the sediments in situ with the respective instruments: portable pH meter (model Q-400H), condutivimeter (Q-405P) and oximeter (Q-758 P) . The values of temperatures were obtained during the collection through a simple mercury thermometer that was inserted in the samples. 
THE LABORATORY ANALYSES
PARTICLE SIZE
The grain size analysis of sediment samples was carried out using standard sieve techniques (for > 62μm, Wentworth scale) and a pipette (< 62μm) after the destruction of organic matter with H 2 O 2 . In the analysis of total organic matter, the calcination method was used and the sediment samples were conditioned in porcelain crucible, which had its weight previously determined.
After filled with the samples, the crucible was weighted again and taken to a muffle at 450 • C for 24 hours. After this, the weights from the crucible were taken again, so the organic matter content in the samples could be obtained by the difference among masses.
HEAVY METALS
The speciation procedure employed both shaking and heating techniques. Samples (0.5g) were weighed into acid-washed polypropylene centrifuge tubes, and blanks were prepared taking each extractant without the sample through all the preparation procedures prior to analyses. Analytical grad chemicals were used and all solutions were prepared in deionized water. Watersoluble ions were extracted using a technique described by Buurman et al. (1996) , which was modified by extracting 0.5g of sample in 2.5 cm 3 of 0.2-μm-membrane-filtered deionized water. Sample extracts were also membrane-filtered (0.2μm) prior to IC analyses. The total dissolution of the residual phase was carried out by microwave digesting 0,1g in 3ml of HNO 3 , 1,5ml of HF and 1,5ml of HCl for 20 min at 1000W of power and maximum pressure, followed by 15 min of cooling. The excess fluoride was complexed by adding 6ml of saturated H 3 BO 3 solution and digesting and cooling for 15min, respectively. A Certified Reference Material (CRM) sediment sample from the Institute of Geophysical and Geochemical Exploration (IGGE), PR China, was analyzed under the same conditions.
RESULTS AND DISCUSSION
PHYSICAL-CHEMICAL PARAMETERS
The values of the physical-chemical parameters were obtained through the analysis of the sediments in situ, which were sufficiently coherent with the physical characteristics of the study area. The fluvial sediments showed values of pH ranging between 5.67 and 7.18, being well characteristic values of places that possess significant levels of organic matter. It is assumed that the values of pH in stations 8, 9 and 10 were above 7, for the input of water from the bay, due to the fact that the sampling was carried out in a period of flood tide. On the other hand, the salinity measured in the Estrela River shows values of 0.1 in these three stations mentioned above. According to Esteves (1998) , salty waters that have salinity less than 0.5 can be classified as freshwater. Despite of this analysis being carried out during high tide, in this period the intensity of the fluvial flow was probably higher if it is compared with the tide current that reaches this area. It can be deduced that, at the moment of the analysis, a small amplitude of tides coexisted with the flow of the river that was more intense. When the seawater is denser than the river water, it flows under the fluvial waters constituting, therefore, a saline wedge.
The dissolved fractions of oxygen ranged between 0.04 and 9.3 mg/l. From the analysis of these data, it is evident that the presence of oxygen in the superficial sediments is limited; therefore, the majority of the stations presented lower values, with the exception of station 1, which is located close to the Saracuruna River headwater. This is an uninhabited area with reduced emission of discards in the river system, which constitutes a region that does not experience large proportions of human impacts. The lowest values of dissolved oxygen were detected along the Estrela River stations. It is possible to assume that the lowest concentrations evidenced in this river occur due to the great amount of organic matter in this area. The Estrela River is located in a mangrove area and, due to this factor, it is likely that, in this region, the degradation process of organic matter associated with the bacterial activity is responsible for the intense consumption of this oxygen, practically resulting in the lack of oxygen dissolved in this area (Fig. 3 ).
PARTICLE SIZE
The particle size composition of the Estrela River bottom sediments and its affluent ranged from 11% to 95% of sand, 4 to 52% of silt and 1 to 37% of clay. Through the samples plotted in the Shepard diagram (1945), it can be observed that the sediments of these rivers show a textural heterogeneity and can be grouped into the following classes: sand, silty-sand, sand-siltclay and clay-silt (Fig. 4) . The sand and sand-silty classes were prominent; the first one occurred in the five stations and the second type of grain size occurred in three stations along the basin, while the sand-silt-clay and clayed-silt were present in only one station. It is important to stand out that the highest percentages of silt and clay occurred in stations located in the Estrela River and relatively closer to the mouth of the river where the low hydrodynamics energy determines the highest accumulation of fine material. It is possible to observe in the data that the coarse sediment fraction (>63μm) occurs with higher frequency in the majority of the samples in this area. The average levels of silt and clay were 20.3% and 12.75% respectively, while the average levels of sand reached 67%. According to Laybauer and Bidone (2001) , the reduction of the particle size increases the specific superficial area and the capacity of the cations exchange, as well as the concentration of pollutants in the particle size. So, it is possible to observe that the sediment with particle sizes, which predominate in the area, presents a median that determines the physical-chemical properties and does not help the intense absorption of pollutants.
ORGANIC MATTER
The organic matter is considered a geochemical carrier of metals in some types of environments due to its capacity of absorbing and complexing metals of both terrestrial and marine origins (Salomons and Förstner 1984, Warren and Haack 2001) . The concentration of organic matter found in the studied area showed a great variation among the stations, with a minimum value of 1.31% in station 1, located near to the Saracuruna River spring, and the maximum of 16.36% in station 10, located in the Estrela River. The average levels for all the stations were 5.99% (Fig. 4) . In relation to the organic matter throughout the draining basin, it is possible to observe that the lower concentrations were found in the Saracuruna River, excepting station 4, with levels of 6.10% that are very high considering the other stations in this river. In station 5, located in the Imbariê River, a relatively high concentration of 9.35% was found. It is probable that, in this station, the intense input of domestic sewage can contribute to a great amount of organic matter in this area. This river has an open sewage channel due to the great amount of organic matter input in it. Stations 6 and 7, located in the Inhomirim River, show lower concentrations of organic matter, with levels of 3.49% and 1.88%, respectively, while the stations in the Estrela River show the higher levels, mainly station 10, which was previously described, and station 8, with values of 12.39%. The only exception was station 9, where the detected value was 4. 77%. It is important to highlight that the stations with the higher levels of organic matter were also the samples with the higher levels of fine particle sediments, which are associated to areas with lower hydrodynamic energy. Mainly in the stations located in the Estrela River, such as the stations 8 and 10, these areas are characterized by a great input of untreated sewage (Fig. 4) .
TOTAL CONCENTRATION OF HEAVY METALS
The maps of the total heavy metals concentration show a consistent distribution of these elements throughout the Estrela River and its tributaries. These data show a strong correlation with the particle size characteristics and the concentration of the organic matter in the sediments (Fig. 5) . The data indicate that the distributions of the concentrations of the analyzed elements shows a similar standard, in which the highest concentrations were located in the three stations in the Estrela River and in the stations located in the Imbariê Channel. The heavy metals concentration in the superficial sediments of the Estrela River and tributaries showed, in average, low values for all the analyzed elements: Zn, Cu, Pb, Cr, Ni, Fe and Mn. However, the data highlight a relative enrichment of these elements in some stations. These values were compared with the results obtained in other rivers, with the average shale (Turekian and Wedepohl 1961) and sediments at the base of the sediment cores from Guanabara Bay (Baptista Neto et al. 2000b) , in order to estimate the background levels of the heavy metals in this place. Zinc showed an average concentration of 149.05 ppm. This value is higher than the average shale and the background value. In small amounts, Zn is an essential element for the terrestrial life, being a structural component in some enzymatic systems (Muniz et al. 2003) . The values of concentration of Zn obtained in this study are very similar to some of works carried out in Guanabara Bay, where high concentrations associated with the discards of domestic and industrial effluents are responsible for the environmental pollution in this estuarine environment (Baptista Neto et al. 2000a , Machado et al. 2001 . The maximum value reached by Cu was of 74.5 ppm in station 9. The majority of the values reached for Cu throughout the sampling stations was quite similar or below the average shale and the background. Cu, when available in small concentrations, is an essential element in biological processes. However, when the biota is displayed to high concentrations of this element, bioaccumulation can occur with possible toxic effect (Labunska et al. 2000) . The average concentration of lead in the studied area was 76.31 ppm. This value is very high if compared with the average shale and with the pre-anthropogenic background, which is 20 ppm and 24.4 ppm, respectively. According to Abrahim and Parker (2002) , almost 95% of lead that is emitted in the environment is associated with human activities. Chromium presented a great concentration in station 10, which is of 100.01 ppm. However, in the other stations, the concentrations were extremely low and the values were lower than the average shale and the anthropogenic background. According to Baptista Neto et al. (1999) , one of the main sources of Cr in urban areas consists of the consuming of mechanical compartments of automobiles. Nickel showed low and homogeneous concentrations throughout the study area, with the exception of station 10, reaching 95.9 ppm. The average concentration of nickel was 48.08 ppm, which is below the average shale and the pre-anthropogenic background. Through the comparison of the total concentration of the heavy metals found in the studied area with other works carried out in fluvial sediments, such as the study carried out by Souza (1986) in the draining basin of the Estrela River 20 years ago and other rivers that flows to Guanabara Bay, is it possible to observe that the sediments from the Estrela River and tributaries have relatively low concentrations of heavy metals, with the exception of Pb and Zn that showed relatively high average values, when compared with other rivers, while Cu and Cr showed lower values (Table I) . Elements such as Pb and Zn can contaminate the environment through a variety of pollution sources, as the uncontrolled discharge of untreated sewage waste and urban surface runoff (Akcay et al. 2003 , Baptista Neto et al. 2000b , Muniz et al. 2003 . Unlike the results that were found in this work, Rebello et al. (1986) and Souza (1986) reported high concentrations of Cu and Cr at the mouth of the Estrela River, and attributed these high levels of pollution to an intense industrial activity and population growth in this region. It is also important to highlight that, in these previous works, the high levels of these elements in the areas can be explain by the fact that the stations located near the mouth of the river were inserted into the bay and were influenced by hydrodynamic processes typical of estuaries, such as low-energy hydrodynamics, the variation of tides and the accumulation of fine sediments (Perin et al. 1997, Faria and Sanchez 2001) , thereby providing high concentrations of these elements in this environment.
CORRELATION COEFFICIENTS
The degree of correlation between trace metals and other major constituents is often used to indicate the dynamics of the metals. A strong positive correlation of the coefficients of the same metals with the organic matter content of the sediments was found, confirming the ability of the organic matter in the metal complexation (Table II) (Lion et al. 1982 , Sanders 1980 , Sauvé et al. 2000 , Strawn and Sparks 2000 . The organic matter also shows a strong correlation with the fine fractions of the sediments (silt and clays) (p>0.7), which suggests the determinant influence of the local hydrodynamics in some sampling stations. The low circulation allows the accumulation of these fractions, as well as the organic matter conservation through the low dissolved oxygen renew, confirming the inverse relationship of these two parameters (-0.66 ). This inverse relationship was also reflected in the correlation between the concentrations of heavy metals and the dissolved oxygen, suggesting the oxygen as the main parameter in the heavy metal geochemistry dynamics in this river. Some heavy metals, such as Pb, Cu and Zn, also showed a strong correlation among them, which suggests the same source.
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HEAVY METAL PARTITIONING
COPPER
The main characteristic observed in the analyzed data was the predominance of Cu in the reducible phase in the majority of the stations. The carbonatic phase was also prominent in the majority of the samples. The exception of this trend was station 10, where a great percentage of Cu was associated with the organic phase followed by the residual phase, reaching values higher than 50% and 40%, respectively. Despite very low concentrations, the soluble phase occurred in station 4 (Fig. 6) . The predominance of the organic phase in station 10 can be attributed to the great concentration of organic matter in this area. The organic matter content detected in station 10 was very high. The partition profiles were very similar to the profile found in the Yamuna River in New Delhi by Jha et al. (1990) , where this author observed that copper was mainly associated with the Fe/Mn oxyhydroxides phases, differently from some works that reported the intense association of copper with the organic matter in fluvial sediments (KuangChung et al. 2001 , ATSDR 1994 . However, a previous work carried out in the surface sediments of the Estrela River by Souza (1986) also observed that copper was mainly associated with the organic phase, different from the present work. This factor is due to the kind of sediment found in this work, the majority of coarse sediments and low concentrations of organic matter. According to Pedrozo (2003) , the bioavailability of copper decreases with the complexities and absorption of this element to the organic matter and to Fe/Mn oxyhydroxides. Thus, it is deduced that the Cu detected in the sediments of the Estrela River and its tributaries, complexed with the organic phase and reducted phase, was not bioavailable.
LEAD
Lead was one of the most stable metals in the sediments, with the highest concentration in the residual phase. In station 3 this phase was the only one found. Despite this factor, a significant contribution of the organic and reductive phases in the sediments was observed, reaching percentages higher than 10% in the stations 5, 8, 9 and 10. It is important to highlight the presence of the carbonates phase in lower percentages (Fig. 6) . According to Lin et al. (1998) , the inorganic lead is not available to the environment; therefore, it is on the crystalline matrices of the minerals that constitute the sediments, being thus immovable. Souza (1986) also identified the intense affinity of this element with the residual phase, as reported in this work. Lead associated with the carbonatic and organic phases, even when it is complexed by carbonatic and organic matter, is considered potentially bioavailable, since it can become soluble with changes in the physical-chemical parameters (Gismera et al. 2003, Nowat and Bundy 2001) .
CHROMIUM
Chromium was found mainly associated with the organic, residual and reductivel phases. In stations 1 and 10 the residual phase predominates, which reaches values around 70% and 60%, respectively. However, in stations 2, 3 and 7, the organic phase occurred in the highest concentrations and reached values higher than 70% in stations 2 and 3, and the higher percentage of 80% in station 7. The carbonatic and soluble phases were absent in all the stations, while the reductivel phase occurred in almost all the analyzed stations, mainly in station 4, where it reached a higher percentage of 90% (Fig. 6) . Souza (1986) demonstrated that Cr has an intense affinity with the organic phase in the Estrela River sediments. This pattern is similar to the one of this work, which also found an intense association of this element with this chemical phase in the study area. The partition profile recorded in this study was very similar to the data gotten by Baruah et al. (1996) in a work carried out in the Jhangi River sediments, in India, where they also found a strong relationship of chromium with the residual phase. However, in some of the analyzed stations, the organic phase was also very strong, reaching percentages higher than the ones of the residual phase; on the other hand, this pattern is similar to the resulted one observed by Akcay et al. (2003) in the study carried out in the sediments of Gediz and Buyak Menderes Rivers, both located in Turkey.
ZINC
The largest proportion of zinc was associated with the residual phase. However, the reductive phase was also present in all the analyzed stations with great percentage in all the stations. The occurrence of this metal in the soluble phase was also detected only in stations 9 and 10, with a concentration around 10%. The carbonatic phase occurred in all the stations, reaching the highest value in station 9, where it reaches more than 40%. The organic phase occurred in all the stations, with the highest percentage of 20% in some of the stations (Fig. 6 ). In the work carried out by Souza (1986) , this metal shows a very mobile characteristic, since it is distributed in almost all the chemical phases in the sediments, mainly in the residual phase. In the present study, Zn also occurred in all the phases. However, the reductivel phase occurred in a great proportion in almost all the analyzed stations. In the study carried out by Zhang and Guijiu (1995) in the Kangjiaxi River sediments, in China, the soluble phase of Zinc was detected, which reached a percentage of 1.5%. This value was lower than the detected one in some of the places of the drainage basin in this study, as previously described.
NICKEL
The partition of nickel occurred significantly between the residual and organic phases. However, the highest concentrations occurred in the residual phase in all the analyzed stations. The organic phase occurred in all the sampling stations, reaching values around 20%. The soluble phase occurred in stations 9 and 10. However, in very low concentrations (Fig. 6) , Akcay et al. (2003) demonstrated the predominance of Ni associated with the residual phase in fluvial sediments, while Baruah et al. (1996) detected the affinity of this metal with the reducible phase. According to Muniz et al. (2003) , sulfate of iron and iron and manganese minerals are the main natural sources of Ni for the environment. In the rivers, nickel is transported as part of the precipitated particles with the organic matter (ACGIH 2001), being able to become bioavailable in case of changes in the physical-chemical parameters. The decreases in pH generally mobilize Ni. Most nickel compounds is relatively soluble in pH lower than 6.5. However, Ni occurs predominantly in the insoluble form, as hydroxide of nickel, in pH lower than 6.7 (ACGIH 2001).
IRON
Iron occurred in all the phases, except in the soluble phase. A very similar pattern occurred among the organic, reductive and residual phases. The organic phase was the predominant one, mainly in station 10, while the residual phase showed to be more expressive and occurred in higher proportions in station 3, reaching values around 60% to 50%, respectively. One small percentage of this element was detected associated with the carbonatic phase in all the sampling sites (Fig. 6) . Souza (1986) reported the intense affinity of iron with the residual phase in all the samples analyzed in her work, which is different from the present work. In this study it occurred mainly associated with the organic phase, except in station 3. Zhang and Guijiu (1995) also highlighted the predominance of iron in more stable chemical phases, such as the organic, reducible and residual phases, which are similar to the associated phases of Fe observed in the Estrela River. Iron in the sediments occur complexed, mainly with the humic substances that contain metallic carboxylic and phenol functional groups, being capable of reducing ions and then increasing their solubility and availabity. Thus, it is evident that iron associated with the organic phase can become bioavailable in case of physical-chemical variations in the environment (Lu et al. 2000) .
MANGANESE
Mn was associated to the residual phase in all the stations, mainly in stations 3 and 6, reaching values higher than 60%. A significant alternation between the organic and reductive phases also occurred, while the carbonatic phase occurred in the speciation of Mn in less proportion, except in station 1, which showed a percentage of almost 20%. Great parts of manganese occur in the residual phase, followed by the organic and reductivel phases. Thus, through the fractioning of the metal, it is visible that the most concentration of Mn is unavailable, since it is in the residual phase and part of it in the potentially bioavailable phase, and since the physical-chemical changes can increase its solubility. The soluble phase also occurs in stations 9 and 10, though in very low concentrations (Fig. 6) . Souza (1986) also detected the preeminence of the residual phase and the significant presence of the organic and reductivel phases in her work. This author also reported the existence of the carbonatic phase in the metal fractioning, though in lower concentrations than the ones of other phases. Akcay et al. (2003) reported that Mn is poorly absorbed by organic matter. Thus, the author suggested that the bioavailability of Mn in organic matter of sediments is lower, and, in this way, an environment submitted to intense industrial and agricultural activities can deliver higher concentrations of Mn in the exchangeable phase.
CONCLUSIONS
By the study carried out in the Estrela River about the concentration of heavy metals in the bottom sediments, it is possible to conclude that the sediments are slightly contaminated with the metals when compared with the background values mentioned in this work. However, the concentrations of heavy metals are lower than the ones in other rivers that also flow into Guanabara Bay. It is important to highlight that the levels of organic matter and the particle size characteristics of the bottom sediments of the Estrela River were not propitious for the accumulation of metals because of the predominant particle sizes, mainly sands. Through the process of partitioning the heavy metals, it was possible to observe the prominence of the residual and the reductivel phases in the complexation processes of these elements. However, the affinity of these elements with the organic phase was also registered. In such a way, great part of the analyzed metals can be considered as unavailable for this environment, not representing great environmental risks even if the elements that were associated with the organic phase are potentially bioavailable. Therefore, changeable physical-chemical conditions can increase the solubilization and then allow the bioavailability of the contaminants for the ecosystem. This paper shows the necessity to carry out continuous surveys throughout the draining basin in order to assess the possible sources of pollutions to the river, and also the possible changes in the amount of pollutants throughout the year.
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